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(57) Abstract 

A technique related to a mobile communication 
system which is composed of a network including at least 
one exchange and a' plurality of base stations and a mobile 
station for simultaneously communicating with the base 
stations and in which the delay of transmission between the 
exchange and base stations correspondingly to the plurality 
of kinds of service which can be provided to the mobile 
station. The purpose of the t^nique is to make 
communication possible with appropriate transmission del^ 
corresponding to the kind of service and to .restore, 
synchronism even when out-of-synchronism occurs. 
Therefore, a storage means (exchange processor (32)) which 
stores the transmission delay for every kind of service 
correspondingly to the plurality of kinds of service which 
can be provided to the mobile station is provided. In 
addition, a setting means (diversity hand-over trunk (34)) 
which sets communication timings at each base station based 
on the transmission delay corresponding to the kind of 
service applied to the mobile station. 
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(54) HAND-OVER METHOD 

(57) Disclosed is a mobile communication system 
Including a network constituted of at least one switching 
center and a plurality of base stations, and a mobile sta- 
tk>n which communicates with the base stations simul- 
taneously The system permits varying transmission 
delay between the switching center and the base sta- 
tions according to the type of services available to the 
mobile station. The object of the present invention is to 
propose a communication Which permits varying trans- 
mission delay according to thie type of service currently 
employed, and to promptly recover a synchronization 
state even if ah out-of-sync state happenii To attain tiie 
object, a memory means (mobile switching center proc- 
essor 32) stores transmission delay characteristicSrcor- 
responding to seryices which are available to the mobile 
station. Furthermore, a communication timing setting 
means (diversity handover ti'unk 34) determines the tim- 
ing of communication for the base stations according to 
the transmission delay characteristic selected accord- 
ing to the service. 
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Description 

RELD OF THE INVENTION 

[0001 ] The present relates to a method for handosrer, s 
which IS suitably used for a mobileiCommunication sys- 
tem. 

TECHNICAL BACKGROUND 

10 

[0002] A diversity handover communication tech- 
nique, wherein a mot)ile station moves across the 
boundary t>etween cell sites of different base stations 
wtiile continuing to communicate vvith the k>ase stations, 
is described in Japanese patent application No. 6- is 
106953. This application states a method in which a 
base station creates reliability information k)ased on. the 
state of radio frames received from a motMle station, 
and attaches the reliability information to each radios 
frames. Then^ a diversity selection process is carried 20 
out in the oommunication network. 
[0003] Japanese patent application No 6-21 01 93 dis- : 
closes another diversity ^handover method nn which 
when communication is made t>etween a mobile station 
arxi a superior system, frame identificatiori information 2s 
is used, to prevent the occurrence of skipping or over^ 
lapping of frames during diversity selection of the 
framesdue to the difference in delay of frame transmis- 
sion through different base stations, and >tiius secure 
diversity handover is ensured. 30 
[0004] HoweveTi these methods have fbllowringiprob^ 
lems. 

(1) In the metiiod disclosed in Japanesov Patent 
Application No. 6-210193, when a mobile station as 
(MS) makes a communication through a mobile 
switching center (MSG), frame identification num- 
bers are used to ak^sorb differences in delay arising 
during the passagef 'bf frames through different 
base stations, and maximal-ratio combining or. 40 
diversity^selection of restiltihg^frames is achieved. . 
For MS to at>sorb differences in delay of downlink 
frames, ft is rieceissary for MS to have a fcxjffer with ^ 

a considerably large capa<%. This makes 
to reduce the size of a responsik)le termrnal.MFur^ : .45 
ther, as this methckj fkitiires frame iderttification - 
inforniatioh to be exchanged between different 
radio zones, the comnrujnication system it promises 
to realize will t>e Iheffk^iieht because it will bethot 
at\e to effek:^iVely esq^lbrt the 'capac^^^^^^ 
radio routes. 

(2) In the donvehtional frame receiving systems, 
there was no attention paid-for the difference in 
delay of frame transmission according to the type of 
involved service, and thus sets a fixed maximal ss 
transrnission delay independerit of the type of serv- 

foe currentiy involved. Accordingly, even when a 
transmission mode is introduced which allows dif- 



ferent transmission delays according to tiie type of 
servfoe (for example. Type 5 or Type 2 of ATM), a 
receiver must respond with a f ixed, too long delay to 
frames of service which does not require such a 
tong delay. 

(3) The conventional frame receiving system 
regards as fixed tiie maximal transmission delay 
arising as a result of the passage of frames through 
nodes and links, and ttius it can not meet tiie situa- 
tion where an unexpected .-ti^nsmission delay 
arises owing possit>ly to changes in transmission 
state or in traffic. It causes disconnection of the 
communication in the presence of such del^y.. 

(4) In tiie conventional handover process, as pcm-y 
munication quality is solely determined .by the 
ti-ansmission condition through tiie radio link, H can 
be monitored by the radio receiver connected to the 
link. However, in diversity handover, comniunication 
quality is obtained as the outcome of rnaximal-ratio 
diversion or diversity selection of frames from all 
tranches involved in the handover, and thus it can. , 
not be monitored only by a radio receiver. 

Maximum ratio combining of frames is a tech- 
nique whereby MS receives downlink f rarnes f rom a 
plurality of BSs, and comtxnes received signals in 
such a way as to improve communication quality by 
site diversity effect. This technique is also utilized^ 
by a single BS which combines uplink frames from 
MSs incoming through a plurality of TRXS. 

Namely, in handover involving a plurality of sec- 
tors In a zone governed by a BS (intracellular, inter- 
sector diversity handover), combining of uplink 
radio frames is performed by the BS according to 
maximal-ratio combining. 

On the other hand, diversity selection is japplied 
to combining of uplink radio frames in diversity 
handover involving a plurality of B|Ss. Uplink radio 
frames coming by way of a plurality of BSs are 
given reliability data different according to the 
routes they pass, and a diversity handover trunk 
chooses a frame having the best reliability informal 
tion. - ^ 

The reason why maximal-ratio cornbining is not 
applied for the combining of uplink radio frames in 
handover involving a plurality of BSs^is. to . prevent 
transmission of a vast amourit of information 
required for maximal-ratio combining through 
routes connecting the plurality of BSs and MSC, 
and tiiereby to prevent congestion of traffic. Diver- 
sity selection, as compared with maximal-ratio 
combining, does not require much reliability infor- 
mation for combining, although it allows only a low 
gain. 

(5) With tfie conventional technique, when an out- 
of-sync (out-of-synchronization) state arises. BSs, 
whenever they detect it, inform of it to MSC proces- 
sor through their own control links ind^ndentiy of 
each otiier. In diversity handover system, control is 
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made such that the power requiriBd for transmission 
of uplink frames from MS becornes most efficient 
for a certain BS. Therefore, the other BSs which are 
not oi:>jects of power control may often inform MSG 
of out-of-sync states. Thus, a vast amount of control 5 
signals are transmitted through routes connecting 
BSs and MSG processor, and an overload is 
imposed on the processor. 

DISGLOSURE OF INVENTION 10 

[0005] Accbidingiy. it is a first object of the present 
Invention to provide ia 'method for handover, which 
recovers a synq state even if an out-of-^nc state arises. 
Further, it is a second object to enable proper and effec- is 
tive quality contror and iriforming of the olit-of-syhc 
state. 

[0006] Therefore, in one aspect of the present inven- 
tion, a method for Handover utilizing a first transmission 
route which connects a diversity handover trunk with a: 20 
mobile statlOri by way of a first base station, andihere- 
with causes a first delay time, and a s^nd transmis- 
sion route which connects the diversity handover trunk 
with the mobile station by way of a second base station 
and therewith causes 6 second delay time which Is 2s 
longer tilan the first del^ time, the metfiod comprising 
steps of: ' 

communicating, by the diversity handover trunks 
with the mobile station by way of the first base sta- 30 
tion with the first delay time intervened in communis 
cation; 

receiving, by the mobile station; a signal tiirough a 
radio channel of the second base station; 
providing, by the nicibile station, a handover trigger 35 
signal involvirig the second base station to the 
diversity handover triink by way Of tiie first base sta- 
tion; 

changing tiie delay time in the first transmission 
route into the second delay time; 40 
transmitting, the signal directed to me mobile sta- 
tion, tiirough botii of the first and secorxJ transmis- 
sion rout^; and 

receiving, by tiie niobile station, tfie signals pror 
vided tiirough the first and second transmission 45 
routes for combining tiie signals or choosing either 
of tiie signals. 

[0007] Iri anottier iaspect of the present invention; a 
method for handover utilizing a first transmission route ^ 50 
which connects a diversity handover ti-unk with a mobile 
station by way of a first base station, arid theriewith 
causes a first delay time, a second transmission route 
which connects the diversity handover tiink witii ttie 
mobile station by way of a second l>ase station and ss 
therewith causes a second delay time which is longer 
than tiie first delay time, and a comrol means whfch 
corrtrols tiie diversity handover trunk, tiie method com- 



prising the step of : 

communicating, by the diversity handover trunk, 
with the mobile station by way of the first base sta- 
tion with a delay time, intervened longer than or 
equal to tiie second delay::time on tiie premise that 
it may communicate with the same mobile station 
by way of tiie second base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Rg. 1 1S a block diagram showing a communtQation 
system according to an embodiment of tiie present 
invention. 

Rg. 2 is a block diagram showing important struc- 
tural elements of a mobile switching center 3 of the 
system in Rg. 1. 

Rg. 3 is a block diagram showing important struc- 
tural elements of a base station 2 of the system in 
Rg.1. 

Rg. 4 is a connection management table. 
Rg. 5 is an M8G-BS delay t'memanagement table. 
Rg. 6 is a diagram showing quality degradatiori 
measurement parameters and out-of-synq detec- 
tion parameters. 

Rg. 7 is a table representing traffic information 
manned by a MSG processor 32. 
Rg. 8 is a diagram showing the operation neces- 
sary for the quality measurement by means of^an 
up-down counter. 

Rgs. 9 and 10 cooperate to form a ffowchart repre- 
senting the quality measurement operation using 
with the up-down counter. 
Rgs. 11 and 12 cooperate to form a sequence dia- 
gram representing a diversity hardover prpcedura , 
Rgs. 13 and 14 cooperate to forrn a sequence dia- 
gram representing a txanch switching handover, 
procedure. 

Rgs. 1 5 and 1 6 cooperate to form a sequence dia- 
gram representing an anrK>unceimente^ 
ment procedure for announcing quality degradation 
and outrof-sync state at beginning and ending of 
communication. 

Rgs. 17 and 18 cooperate tp form a diagram illusr 
trating configurations of frames passing between 
individual nodes. 

Rg. 1 9 is a diagram illusfrating tiie operation neces- 
sary- for the diversity selectipaNtreatirient of user 
frame. 

Rg. 20 is a diagram illusti^ating the operation of 
inter-MSC diversity handover. 
Rg. 21 is a ffowchart representing an uplink ti:ans- 
mission procedure; 

Rg. 22 shows a classification of handover tech- 

ruques In terms of control range; 

Rg. 23 is a diagram showing the states of handover 
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branches classified by handover branch control. 
(Notes) 

^1: Simultaneous control (addition, deletion or 
addition/deletion) of plural Brs is possible^ in 
response to a single request for DHO trigger 
from MS. 

*2: When MS determines the maximal connect- 
able Brs to be 3, "deletion may turn into addi- 
tion". 

Rg. 24 is a table showing, as an example, the cor- 
respondence of the handover trigger activated dur- 
ing mobile communication with the type off 
handover. 

Fig. 25 is a tatHe showing, as another example, the 
conrespondence of the handover trigger activated 
during mobile communication with the type ;.of 
handover. 

Rg. 26 is^a diagram used lor describing operations 
for calculating a radio frame offset numberOFS and 
radio frame number FN. 

Figs. 27 and 28 form a timing chart ishowing proce- 
dures in various devices. 

Figs. 29 and 30 are tables reprinting examples 

of calculation procedures of timing-parameters. 

Rg. 31 is a diagram illustrating the operation of 

branch switching handover. 

Rg. 32 is a diagram showing, as an example, a 

management table of parameters necessary for FN 

slideprboessing. 

Figs; 33 and 34 are diagrams illustrating the opera- 
tion of uplink FN slide processing. 
Figs. 35 and 36 are diagrams illustrating the opera- 
tion of uplink FN sikie processing. 
Rg. 37 is a diagram used for describing the opera- 
tion of a modification of the embodiment; 
Rg. 38 is a diagram illustrating the inter-MSG 
handover. 

Rg. 39 is a bkx:k diagram showing the constitution 
of MSGS. • 

BEST M0DE:F0R CARRYING OUT INVENTION, 

1 . StRUCTURE OF AN EMBODIMENT 

[0009] Below tiie structure of an embodiment of this 
invention will be descril>ed witii reference to. Rgi 1. 
[0010] In Rg. 1, symbols 1 and 10 represent: mobile 
stations (MS); symbols 2 and 4-9 base stations: and 
symbols 3 and 11 mobile switching station (MSc). and 
they form nodes in a mobile communication system. 
[0011] Within the base station 2. symbol 23 repre- 
sents an MSC interface (MIF) installed in tiie BS. and 
form a communication link and a signal link with a BS 
interface (BIF) 33 installed in MSG 3. A radio frame syn- 
chronizer (MFG-B) 21 installed in the BS determines 
frame synchronization in BS 2, and provides an opera- 



tion reference dock to every section in BS 2. 
p)01 2] A transceiver (TRX) 25 transmits and receives 
radio frames to and from the nK)bile station 1 . A nxxlu- 
lator/denrxxlulator (MDE) 24 modulates and demodu- 

5 lates the radio frames and corrects ©rors thereof. A 
base station processor (PRG) 22 controls elements of 
the base station 2 on the t>asis of a predetermined con- 
trol program. Each of the other base stations 4-9 has 
the same structure as that of the base station 2. 

10 [0013] Next, in the nrK>bile switching center 3, a switch- 
ing unrt (SW) 38 is provided for switching transfer routes 
of frames in tiie mobile switching center 3. A frame syn- 
chronizer, (MFG-M) 31 manages to synchronize frame 
operations in the mobile switching center 3 and provide 

IS reference clock pulses to elements in the mobile switch- 
ing center 3 as similar to the frame synchronizer.21 of 
the base station 2. An MSG processor (PRG-^/0 32 con- 
trols elements in the mobile switching center 3. as sirnir 
lar to the processor 22 of the base station 2. 

20 [0014] In the enixxiying system, communication 
between the nfK)bile stations 1 and 10 and the k>^se sta- 
tions 2 and 4-9 is carried put according to^ CQMA tech- 
nique. In accordance witii GDMA, it is possible for the 
mobile stations l and 10 to cpmmunk»te yyith a plurality 

25 of base stations using with the same frequency band for 
a radio channel. Therefore it .is pc^ft>le to conduct 
. diversity nriaxirnal-ratio corhbining process and diversr^ 
selection process in order tp improve communication 
quality and to minimize .the congestion in the radio 

30 channel. . . 

100151 . . This is a conrununication technique, vvnth 
respect to downlink radio frames, an MS receives radio 
waves from , a plurality of BSs simultaneously and 
applies themaximal-ratio combining to them, while with 

3S ^/ respect to uplink .rad^ a diversity handover 

trunk chooses tiie radio frames of BS whk;h is in a better 
. communication state witfi tiie MS. 
[0016] Symbol 34 designates a diversity handover 
trunk (DHT) which executes frame sync adjustment and 

40 controls harKJQvers acrosS;:a plural^^ BSs. DHT 34 
absoii>Sifluctuatipns>in cu^^ fi^ami^ throiigh a 

plurality of routes, aruJ then makes a diversity sela:tion. 
[001 7] Namely, DHT 34 waits frames up to a certain 
delay time set within the system, to transmit tiieni, , and 

45 tiie delay time is so set as to absori!) delays in transmis- 
sion of frames through individual routes.^. 
[0018] Symbol 35 designates a high efficiency speech 
coder (VXG) which executes transcoding or others to 
speech user frames. A data service control system 

50 (DSG) 36 executes transcoding or otiiers to data serv- 
ice frames. A relay network interface system 37 commu- 
nicates various signals witii a communication relay 
networK signal relay netvi«)rk, sync relay network or the 
like not illustrated here. 

55 [0019] Gontrol signals provided by BS processor 22 of 
BS 2 to MSG processor 32 of MSG 3 are transmitted by 
way of BS processor 22, MSG interface 23 In BS, and 
BS interiace 33 in MSG. 
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[ro20] Control signals provided by MSG processor 32 
to BS processor 22 are transmitted in the reverse order 
as above. Control signals provided by MS 1 to BS proc- 
essor 22 is transmitted by way of BS 1 . radio transceiver 
25, BS mbdulator/denxxJulator 24 in order. Control sig- 
nals provided by BS processor 22 to MS 1 is transmitted 
in the reverse order as atx>ve.^ 
[0021] In addition, control signals provided by MS 1 to 
MSC processor 32 of MSC 3 is transmitted to MSG 
processor 32 by way of a radio transceiver 25. BS mod- 
ulator/demodulator 24, irtterface 23 of BS, interface 33 
off MSC, and diversity handover trunk 34. Furthermore; 
information provided by MSG processor 32 to MS 1 is 
transmitted In the reverse order as dbova 

2. OPERATION OF THE EMBODIMENT 

2.1. SYNCfiroNIZATION SETTING OF RADIO 
FRAMES 

[0022] in ieadi of the nodes (BSs 2 and 4-9. and 
MSGs 3 and 11) of the mobile cortirriunication network 
illustrated in Rg. 1, frame synchronizer 21 or 31 carries 
out synchronization adjijstment for the frames in the 
corresponding node. 2s 
[0023] inthesynchroneafionadj^^ 
the allowablei phase difference of radio frames is deter- 
mined to be less than a half of an interval of the radio 
frames, which are transmitted between the mobile sta- 
tion 1 and the base station 2, in order to prevent a large 3o 
transmissidn delay of radio frames. For example, if the 
radio frame interval is 10 msec, the allowable phase dif- 
ference is less than 5 msec. As long as the phase differ- 
ence is shorter than the allowafcrfe limit, all the involved 
nodes (BSs 2 and 4-9. and MSGs 3 and 1 1) can syn- 3s 
chronize. - 

[0024] Frame synchronizers 21 and 31 deliver refer- 
ence clock pulses to every element in their respective 
nodes. In the embodiment, the cyde of the reference 
clock pulses Is 0.625 msec. A period ecjual to 16 times 4o 
tfie reference dock byde is called a radio frame ctock 
unit (more specifically, it is equal to 0:625'x 16 » 10/^ ^ 
msec). 

[0025] In addition, a number is detennined by each 
radk) frame clock unit. The number, called frame 4S 
number FN, is incremented from 0 to 63 in a cyclic man- 
ner. In a single radio frame clock unit, a number is deter- 
mined by each dock pulse. The number, called radio 
frame offeet number OFS. is incremented from 0 to 1 5 
in a cydic manner. so 
[0026] In Fig. 1 , radio frame synchronization adjust- 
ment between different nodes is achieved using with 
wired communicating routes, since it is possible tfiatthe 
base stations may be situated where they can not 
receive radio wave. However, the radio frame synchroni- ss 
zation adjustment may be achieved using with a certain 
wireless means such as GPS. 
[0027] The "synchronization" and 'phase difference". 



which are described in this specification, will be urxier- 
stood by the following explanation in comparison with 
commonly used docks. 

[0028] All clocks in tiie world tell passage of 24 hours 
5 in a day. and have the same cycle. However, when two 
docks at two spots between which there is a time differ^ 
^ ence are compared, the indicatk>ns of the docks are dif- 
ferent from each other. The time difference can be 
regarded as the "phase difference". 
10 [0029] This difference is basically maintained at any 
time altiiough some en^ors occur due to the predsion of 
the clocks. Accordingly, it can be said tiiattiie two docks 
"synchronize" witfi each other witii a certain difference 
maintained. 

is 

2J2 ONSET OF COMMUNICATION 



2^.1 .CALL DISPATCH AND UNK SETTING 

[0030] When acall is dispatched from MS 1, or a call 
is dispatched from a station outside or .within the net- 
work (not illustrated here) to MS 1, control signals are 
exchanged between MS 1, BS processor 22 and MSG 
processor 32, and commur^catibn resources which may 
be required according to tfie type of service are hunted 
andadivated.--^-/-.- ;.\ -^v • • 

[0031 ] At the same time, communication links and 
associated control links to connect /Communication 
resources are established witiiin tiie mobile communi- 
cation system: Here the communication link, when used 
for speech communication, is a link connecting MS 1, 
radio ti-ansceiver 25. BS modulator/demodulator 24, 
interface 23 of BS, MSG interface system 33, diversity 
harKtover trunk 34, high effk^iency speech coder.35^^ 
relay interface system 37 in order. 
[0032] On the other hand, the communication link, 
when used for data communication, is a link connecting 
tiie same elements as above .except high effidency 
speech coder 35 being replaced with a data servk^e 
control system 36. The associiated^control link is a link^ 
connecting MS 1. radio ti^nsceiver 25, BS modulat e 
torAlemodulator 24, interiiace 23 of BS. BS interface 33 
of MSG, diveisity handover trunk 34 and BS processor. 
32. 

[0033] This associated control link which is installed to 
be attached to ttie communication link is utilized for set- 
ting the seconds call during the onset orprogressfion>of 
oommunk:ation,)setting radio routes between a MS and 
BS, and> confrolling handovers, radio fansmlssion. and 
mobility;^ : r 

[0034]^ Referring to Rgs. 17 and 18,:transmissipri 
frames of individual segments will be explained with 
attention being paid to tiieir names and configurations. 
In this example, communication tiirough wired routes 
between a BS and MSC takes place on the basis of AAL 
Type 2 of ATM (as spedfied in tiie ITU-T 1.363.2 draft 
recommendation), but the mode proposed by tiiis 
embodiment can be applied witii the same profit to com: 
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munications in packets and frame relays, and on other 
AAT Types of ATM. 

[0035] Explanation wilt be given taking, as an exam- 
ple, how upHnk processing Is achieved by individual sys- 
tems. A user frame, after being divided into lOriisec s 
units, undergoes erxxxling and modulation in an MS to 
be transmitted as a radio frame. The radio frame is 
received by a BS and, after being demodulated and 
decoded, is given radio frame numbers and reliability 
infomiation. The detail of radio frame number FN and io 
reliability information is shown in Rg. 19. 
[0036] The transmission frame communicated 
between BS and MSC is called a BS^MSC frame. When 
communication between a BS and MSG takes place on 
the basis of Type 2 of ATM, radio frames comprising is 
speech with a small user frame length (45 octet or less) 
and transmitted through a low speed radio route can be 
accommod^ed by one Type 2 CPS packet while radio 
frames comprising data with a large user frame length 
(over 45 octet) and transmitted through a high speed 20 
radio route c^n hdt be accx>mmodated by one Type 2 
CPS packet, and divided into a plurality of BS-MSC 
frames for transmission. In one example, a radio frame 
is divided into three portions, each of which is transmit- 
ted as Type 2 CPS packets. 25 
[0037] A diversity harKlover trunk' receives wired 
frames, execlite diversity selection of the, frames per 
each BS-MSC frame, and sends the results, ais the 
intra-MSC frames, to a service trunk such as the high 
efficiency speech coder 35 arxJ d^a service dontrol so 
system 3iB. Ihtra-MSC frames are recbnv^ed by'the 
service trunk into user frames, processisd as appropri- 
ate according to intended iservices. and tr^mitted as 
relay frames in a foi^m adaptive to a subsequent relay 
network. 35 

2^.2 PARAMETER SETTING 

[0038] then, referring to Figs. 2 and 15, the <)peratk>n 
of diversity handover trunk 34 will be described in detail. '40 
[0039] First, a communication cofitrdler 32^1 in the 
MSC prckjessor 32 irrfbrms a DHT conti-oller 34-1 in a 
hunted OnsertiBd into the lini<^ diversity handover trunk 
34, of quality degradation ' parameters, out-of-sync 
detection parameters, timing correction parameters. 45 
DHO branch information, network-^'ide connection iden- 
tifiers, and fraffic informatiori. 

[0040] Eiiamples of quality degradation measurement 
paramefera and but-of-sync detection parameters are 
shown in Fig. 6. Exemplified contents of traffic iriforma- so 
tion are shown in Fig. 7. The quality degradation meas- 
urement parameters include the cycle of measurement 
of quality degradation arxJ threshold value which should 
be announced as occurrence of degradation. Further- 
rhore, the out-ol^ync detection parameter is a nurrd^er ss 
of successive non-synchronized cells. If the number is 
counted up. the out-of-sync state is recognized. 
[0041] The traffk; information carries the intervals of 



arrived cells and the number of received cells at a given 
timing when ATM is applied for communication through 
a wired route between a BS and a MSC. These param- 
eters and data are^ managed by MSC processor 32 
according to individual servrces. 
[0042] Furthermore, the tirhihjg correction parameter 
includes a correction value for uplink/downlink frame 
nuiT±)er. and a correction value for uplink/downlink 
frame offset number. These numbers are calculated 
based on an MSC-BS delay time management table 
shown in Rg. 5 stored in a memory 32-2. Each^of the 
delay time values in Fig. 5 includes 5 msec, which is tiie 
maximum phase ^difference albwed for transmission 
between the MSC arid the corresponding BS.. Further'- 
more, if anotiier MSC is inserted between each t>ase 
station and mobile switching center 3. a delay caused 
by the insertion of the inserted mobile switching .center 
shoukJ be Indudiad in each delay . timef value in Fig. 5/ : 
[0043] Next, referring to Fig. 26, explanation will be: 
given of the mettxxl how to conpute the cdn^ection:^^^ 
lies for uplink/downlink radio frame nurnt>ers. and corr 
rection values of tqslink/dowhlihk radio frame ':offsets. >i 
Considering firstiy downlink frames; - 

(1) DHT in ari^MSC alk>cates frame number FN 
after havingr'addM a maximal fluctuation delay to a 
reference block timing created :by MFC-M, apd 
transmits the frames to a BS. The thus transmitted 
frames^ar^ received by SS; and 

(2) an MDE of SS converts the frames refening to 
frame nijmbeir<FN and in^accordance witii aTefer- 
ence dock timing created by MFC-B and offset tim- 
ing, adjust them, and sends them to radio 
communication zones as a series of radio franriev 
numbers: ' -^ ^ . v^- v 

On the other hand^ conskjiering tiie uplink radio 
frames; ^ 

(3) the radio frames are received by TRX of a BS in 
accordance witii a reference dock created by MFC- 
B, and are given by MDE radio frame^numbers FNs 
created by MDC'B,'and transmitted to an MSC;.and 

(4) The thus fransmitted frames are received by 
DHT in the MSC which allocates frame number FNs 
after having added a maximal fluctuation delay to a 
reference clock timing created by MFC-M, and 
tiBnsmits the resulting frames to a subsequent sys- 
tem. 

[0044] Next, an exemprif led metiiod for calculating tiie 
above parameters will be explained, assuming that the 
vnobWe station 1 executes diversity handover when the 
base stations 2 and 4 transmit voice frames to the 
mobile station 1 . The MSC-BS delay time management 
table shown in Fig. 5 indicates that the BSs l and 2 
(base stations 2 and 4) allow tiie delay time of 30 msec 
and 38 msec respectively for this case. Therefore, 38 
msec ShoukJ be selected as tiie maximum transmission 
delay. 
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Namely, to nullify the fluctuation of radio frames 
CtfrMng from the base stations 2 and 4, the maximum 
tratismission delay at an i^^link frame extraction control- 
ler 34-8 is set at 38 msec. However, if execution of diver- 
sity handover is not limited to all the base stations, and 
ff tiie fluctuation of radio frames should be nullified for all 
the base stations, the maximum transmission delay 
should be set at 40 msec that is the maximum value in 
the table. 

[0046] 38 msec approximately equal to three radio 
frame dock units (30 msec) and 13 radio frame offset 
units (8.125 msec). Accordingly, the con-ection number 
for uplink frame number and the correction number for 
uplink frame offset number are set at and "13". 
respectively The correction numbers for downlink frame 
number and downlink frame offset mmber are also set 
at "3" and "13", respectively. 

[0047] However, if uplink arid downlink lines have dif- 
ferent delay characteristics, different values for the 
uplink and downlink linesmay be stored in tfie MSC-BS 
delay time management table of Fig. 5. In this case, for 
the uplink and downlink lines, different correction num- 
bers for radio frame numbers and frame offset numbers 
may be set according to tfiis table. 
[0048] Correction is achieved, with respect to the ref- 
erence dock delivered from tiie synchronizer 31 of 
MSG, by subtracting the uplink radio frame nun#er cor- 
rection value and radio frame offset correction value 
from the ckx:k. On the other hand, for the downlink radio 
frame number con-ection value and radio frame: offset 
correction value, correction is achieved by adding those 
correction values to the reference clock. . 
[0049] The DHO branch information includes tiie 
number of lines connected to the diversity handover 
trunk 34. and connection identifiers. The network-skie 3S 
connection Mentifier refers to tfie connection identifier 
on the network side which is connected to the diversity 
handover ti-unk 34. These data are described in a con- 
nection management table shown in Fig. 4 and man- 
aged by the MSG processor. 32. and are used for 4o 
determining the number of connectfons and kientifying 
frames when uplink frames are selected or when down- 
link frames are distributed to the base stations. 

2.3. PROCESSING TO DOWNUNK FRAMES IN MSC 45 
3 

[0050] When downlink intra-MSG frames appropri- 
ately divided to conform to radio frame length are pro- 
vkJed from tiie network 12 through the interface 37. the so 
intra-MSG frames are received by a downlink frame 
receiver 34-2. 

[0051] Then, in a downlink frame extraction controller 
34-3, extraction of the intra-MSC frames tiius received 
is executed. The timing for extraction con-esponds with ss 
the timing corrected on tfie basis of the downlink radio 
frame offset conrection value which is sent by DHT con- 
troller 34-1. 



[0052] Namely, tiie intra-MSG frames are extracted 
according to the timing which is determined after the 
downlink frame offset correction value has been sub- 
tracted from "1 6". For example, if tiie downlink frame off- 
5 set correction value is "13", the intra-MSG frame 
corresponding to the ttiird reference clock pulse in one 
radio frame clock unit is extracted since 16-13 = 3. 
[0053] Furtiiermore. tfie number of cells and the inter- 
val of cells to be extracted as intra-MSG frames are 
10 determined accordirig to traffic Information. The cell 
Interval is basfoally n times ttie interval of radio frames 
wherein n is an integer. When intra-MSG frames are 
extracted by a downlink frame extraction controller 34-3. 
a downlink FN adder 34-4 acids radio frame numbers 
IS FN to tfie intra-MSG frames. 

[0054] the radio frame number FN is obtained in the 
following manner. The corrected downlink frame 
number. •3" in the above example, and tfie cprredted 
radio frame offset number. "1", are added to tiie i^diQ 
20 frame number FN determined by the referehce doqk 
pulses provkled by tfie MSG frame synchronizer 31. 
Then, the result is divkied by "64" arid the resklue Is the 
radio frame number FN. . .. . 
[0055] Gonsequ€»it!y, In tiiis emtxxjimerit, the dovvn- 
link frame receiver 34-2 executes a timing correction of 
the reference dock pulses on the basis of the corrected 
downlink frame of^et number, while the dovyriiink FN 
adder 34-4 executes a correction of radio, frame cfock, 
units. 

IP056] Then, tfie BS extracts tfie downlink frames 
according to tiie radio frame numbers FN determined by 
the reference clock pulses provided by BS radio syn: 
chronizer 21 witfi the radio frame offset correction value 
being set at "0". Therefore, tfie extraction of downlink 
frames in tfie BS is easily achieved. 
[0057] Next, a downlink frame copier 34-5 make cop- 
ies of intra-MSG frames based on DHO branch informa- 
tion, depicted in Fig. 4, provided by a DHT comroller 34- 
1, so tiiat the :numt>er of copies is equal to the number 
of branches involved in diversity handover. To the cop- 
ies of the frames, which are BS-MSG frames, atteched 
are connection kJentifiers corresponding to the 
branches, the connection identifiers being used for 
address information of user frames. I 
[0058] In tfie example depicted in Fig. 1, diversity 
handover is executed to the transmissions to the MS 1 
tiirough tiie BSs 2 and 4. so tfiat the branch number is 
"2". Furthermore, if the iritra-MSC frames and wired 
frames are contained in ATM cells to be transmitted, 
tfien all cells are copied once, and the connection iden- 
tifier identifying the BS 2 is attached to either series of ' 
tiie original cells or series of copies while tiie connec- 
tion identifier identifying the BS 4 is attached to the 
other series of the original cells or series of copies. 
[0059] BS-MSG frames tiius copied as appropriate 
are sent to a downlink frame deliverer 34-6. Then. BS- 
MSG frames are delivered based on the connection 
identifiers by way of interface 33 of MSG to individual 
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wired branches, that is, to BSs 2 and 4. 

2A. PROCESSING TO DOWNLINK FRAMES IN BS 

[0060] Next, with reference to Rg. 27. processing after 
the arrival of the BS-MSC frames to the BS 2 from the 
to-BS interface 33 of the MSG 3 will be described. The 
downlink BS-MSC frames are received by the to-MSG 
interface 23 of the BS 2. and then transferred through a 
downlink frame rec€iiyer 24-1 to a downlink frame 
extraction controller 24-2 In the downlink frame extrac- 
tion controller 24-2. a downlink BS-MSC frame is 
extracted frdm the received BS-MSC frames according 
to the reference clock pulses jsiroMed by the BS racfio 
frame synchronizer 21 . 

[0061] Extradion of BS-MSC frames at BS (BS 2 in 
above exanple) which acts as a reference for communi- 
cation synchronization during the onset of commuhica- 
tfoh takes place with the radio frame offset value OFS of 
referencei clock being set to "0." If there are no BS-MSC 
frames that cari be extracted acoordirig to above timing, 
waiting time is prolonged to the next timing (after "1" 
radio frame dock cyde) and extraction of BS-MSC 
frames is resumed. 

[0062] On tiie other hand, in the sut>ordinate BS 4 
accommbdatlrig a branch whidi^is added for diversity 
handover at th^ bi^et of cbmnriunicatioh or during com- 
nrujnication, a processihg is executed to put the timing of 
radio signal communication there with the timing of 
radio frames transrnitted or received by master BS 
which acis as a reiferehce f^^^^ when 
communidatidh with MSs is perforrhed. 
[0063] When involved communication nodes constitut- 
ing a nxibiie communication network adjust synchroni- 
zation phases using wired routes so that phase 
difference' in syhdhrbnization would be less than 5 
msec, for a given MS to execute a maximal-ratio com- 
bining processing. H is necessary to have a buffer with a 
suff foiently large capacity to nullify synchronization vari- 
ations up to 5 msec, because radi frames coming from 
ottier MSs engaged in diversity handover have isynchitH 
nization variations up to 5 msec. 
[0064] However, ehlargement of buffer size would 
conflict with contracted MS size; and thus it is nec^- 
sary for the subordinate MS to adjust the radio frame 
offset value around "0" so tiiat tiie sync en-ors. which 
otherwise would be 5msec at maximum. may't>ec6me 
atx>ut "0.625rTlsec" at mabdrrium. 
[0065] The radio frarne synchronization phase differ- 
ence between ttie master-BS which acts as a reference 
for commmiixitibri syricHrbnizatioh and the subordinate 
BS is determined when MS starts diversity handover. 
Namely, radio frames which are ojrrentiy handled by 
MS, and radio frames from an announcement channel 
of the subordinate BS which are newly handled are 
compared so tiiat the phase difference between the two 
may be checkki. 

[0066] The checked result is transferred, by way of 



MSG, to the sutx>rclinate BS. It is possft>le to finely 
acQust the radfo frame offset value of the subordinate 
BS teased on this measurement. When this fine adjust- 
ment exceeds the lengtti of one radio frame clock unit. 

5 the radio frame number FNs of the same BS are shifted 
in assodation. , ...i^ ; 
[0067] Turn back to Fig. 3. BS-MSC frames thus 
extracted are provided to a down-franr^ processor 24-3. 
where encoding treatment for prevention of the eritry of 

10 errors during transmission over radio link and modula- 
tion for radio ti^nsniission-arer.ejecuted,.. to establish 
radio frames: Then, thus established radio frames are 
transmitted; by way.of.the transceiver;25; to the zones of 
involved BSs. , t' ■ • • - 

15 [0068] When MS 1 is engaged in diversity handoven it 
receives radio frames from BSs^^2 and 4. Theri, ;it applies 
maximal-ratio combining to^them, and tailon5;^tiiem Jrito 
userframes.'^•^/«^-' . ac--- ' -., 
[0069] The downlink frame receiver 24-1 moriitors 

20 radio frame number FNs givenlto BStMSC frames and d 
stored in its buffer, and. announces the appear of 7 
Irame delay" when it detects a sufficientiy Jong delay in , 
the arrival of BS-MSC frames carryingrradfo^ frame - 
number FNs to be extracted, in association- with tiie . 

25 downlink frame extractfon controller 24-2. Whenvsuch 
announcement is received, tiie BS delivers ""a request 
for FN conec^on" to diversity handover trunk34.; 
[0070] When the downlink FN confection request is 
provided to diversity handover trurtk:34^ the Dl-n; <x>iv , 

30 troller 34^1 renews the downlink frame'number porrec- 
tion value. The renewed f downlink frame number-,,, 
correction value is tiansferred to a down-frame ^ It Nv 
adder 34-4, and allocation of radio frame number FNs to 
subsequent BS-MSC frames is performed according .to 

35 this renewed' value. This is called downlink FN sljde^ 
processing. 

[Q071] Below explanation will be given of the detail of ' 
downlink FN slide processing refemng to Rg; 35. 
[0072] This processing proceeds as follows to recover 

40 sync, once -synchronization of frames jhas : been lost: - 
^ when frames ^arriving with a , sufficientiy f tong delay v 
behind extraction timings atthe downlink frame receiver 
24-1 and downlink frame extraction controller 24-2 are . 
detected successively, ttie radio, frame numt>er FNs 

45 given to those downlink frames by diversity handover 
trunk 34 are altered as appropriate to recover sync. 
[0073] With this FN slide processing, it is nece^ry to 
prevent the discrepancy of the radio^frame number FNs 
of a plurality of BSs and the information dispatched to 

50 radio link. To prevent such discrepancy, adjustment of 
FN slide lengtiis between different BSs or slide timing 
may be informed each ottier. In this exanple. however, 
ttie downlink FN slide processing is not performed by 
tine downlink frame receiver 24-1 of individual BSs. l)ut 

55 a BS which initially detects the appearance of delay 
informs of it to the diversity handover frunk of informal 
'tion source, to alfow the downlink frame FN adder 34-4 
' of diversity handover t^unk to execute the downlink slide 
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processing. Then, detailed explanation will be given 
below of both of BS and diversity harxiover trunk 

2.4.1. PROCESSES IN BASE STATION 

5 

[0074] In BS, user frames carrying predetermined 
radio frame number FN are extracted from a buffer 
according to the reference clock provided by BS-MSC 
frame synchronizer 21 . When user frames which arrive 
behind extraction timings are detected by the downlink io 
frame receiver 24-i and downlink frame extraction con- ; 
troller 24-2, downlink FN correction request information 
is generated. The downlink FN conrection request infbr- ; 
matton is sent by the uplink frame transmitter 24-10 by 
way of MIF 23 through a user signal route to DTH of is 
MSG. Alternatively, the same information may -be sent 
through a control signal route. For the latter case, when 
user frames which anive behind extraction timings are 
detected, tiie downlink FN correction request is trans- 
mitted by way of MDE of BS to PROS and tfie same 20 
request is s^ to PRG41 32 as control signals. Uter. 
the downlink conrection request is transferred, in MSG. 
from PRG-M32 to DWT controller 34-1 in DHT, and 
finally to the downlink FN allocator where the downlink 
slide processing is executed to produce a downlink FN 2s 
connection request 

[00751 Advantages and disadvantages will be 
described below when ttie downlink FN con-ection 
request is sent to a diversity handover trunk as control 
signals or as user signals. When it is sent as control sig- 30 
nals, exeaition of it may increase the delay time or a 
load inflicted upon the control processor. Alternatively, 
when it is sent as user signals, two possible situations 
exist: tiie downlink FN slide request is applied to uplink 
user frames received from some radio links, or it is sent 3S 
as notice dedicated user frames. 
[0076] For the former situation, the FN slide request, 
if applied to a series of packets in which user frames are 
inten-upted at intervals, may be lost While in the latter 
situation utilizing dedk;ated user frames for notice, it 40 
ensures tiie transfer of request at a high speed and with 
a necessary timing, though increasing traffic. The notice 
dedicated user frames are called "downlink wired out- 
of-sync notice user frames". The wired out-of-sync 
notice user frame is transmitted independently of uplink 45 
user frames. Further, tiie downlink wired out-of-sync 
notice user frame with downlink FN slide amount added 
thereto may be transmitted to a diversity handover 
trunk 



2.4.2. FUNCTION OF DIVERSITY HANDOVER 
TRUNK 



so 



[0077] For radio links, power control of signal trans- 
mission is performed on tiie premise that all branches ss 
belonging to wired links contribute to the synthetic gain 
of diversity handover. Accordingly, even when only one 
branch among a plurality of branches dispatches a 



downlink FN slide request tfie downlink frame FN adder 
34-4 uses it as a trigger to start downlink FN slide 
processing. When tiie downlink frame FN adder 34-4 
receives downlink wired out-of-sync notice user frames 
or a downlink FN slide request it con^ects ttie downlink 
frame number correction value by a certain ampunt {or 
by the downlink FN stkJe notifi^i). The downlink FN 
sikie width corrected in one processing is limited to be 
equal to or less than a predetermiried FN sljde decre- 
ment value, regardless of how much widtfi is detected 
as a delay. Further, the total FN slide wkftii accumulated 
between the onset and erid of a sti-etch of communica- 
tion is limited to be.equal to or less than the predeter- 
mined maximum widtfi for downlinR^ 
[0078] If ttie accumulated ciowniink FN slide widtti 
ecceeds ttie maximum allowable downlink FN slide 
wkfth. DHT controller 34-1 irrfbrrns of it to MSG proces- 
sor 32. Being ttius informed of an alarm riotice, MSG 
processor 32 gives a response, but MSG does not exer 
cute a downlink FN slkie processing even lip it has 
received meanwhile a downlink slide request from BS. 
until MSG processor 32 gives tiie resporise.. Namely, 
during this interval, the alarm warning tiie maxiniurri 
allowable downlink FN sIkJe width being ovemdden is . 
ignored. 

[0079] Parameters necessary for tiie downlink FN 
slide processing are listed in an FN slide processing 
parameter management table stored in MS<3 processor 
32, and arranged in such an order as to allw; choosing 
of a slide wkfth and maximal allowable wicfth s^ropri- 
ate for a given service, k^ecause-choice of ^^ti^^ param- 
eters affects the quality . of service during 
communication. The downlink frame FN a^iier 34-4^ 
after referring to the infbrniation in tfie table, executes ! 
the downlink FN slide processing. For exanple,. when 
the service is concerned with voice .communication, the 
FN slide width may be determined after due considera- 
tion has been given to the delay nullifying capadty ewid ; 
lost frame conpensating capadty of AO(G 35, while the; , : 
maximal allowable slide wkith may be determined after 
conskieration has t>een given to the effect of delay on 
voice. . " 

[0080] When ttie service is concerned with data trans- 
mission, the effect due to frame loss can be minimized 
after due consideration has been givi^ to the frame 
cycle, as long as tiie delay nullifying capacity of DSG 36, 
is properly conskJered and errors over a plurality of 
frames (for example, eight frames) are properly 
checked. 

[0081 ] When FN slide width in one FN slide process- 
ing is determined to be equal.to one FN slide width..and 
a delay in arrival at a receiving stations exceeding tfiat 
width arises. FN slide processing is executed a number 
of times. During the period while the succeeding FN 
slkie proceedings are executed, communication is hot 
interrupted owing to the out-of-sync state of frames dur- 
ing the passage tiirough the wired route. If diversity 
handover is maintained, tiien communk:ation is possible 
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through another branch in which no outnof-sync state 
exists in its; wired route. One example of FN slide 
processing parameter management table is shown in 
Rg. 32. 

[0082] The outline of steps necessary for downlink FN 
sTtde processing will be given with reference to Rg. 36. 
In Rg. 36 it is assumed that the synchronization phase 
difference between frames tfirbugh diversity handoyer 
trunk 34 and those through BS2 is 0. BS 4 handles 
frames wtuch have a synchronization phase difference 
from those hsuxlled by diversity handover trunk 34, and 
thus the referi^fice cioGk <^ BS 4 is' by one dock unit 
(OFS) behirid the corresponding reference dock of BS 
2. It is further assum^ that thiB miaximal fluctuation 
delay franries nriay uixlergo during the passage from 
dlve^ity harkk^ taihk 34'to BS is 38i msec (being 
equal to 23 line frame clocks (FN) + 13 dock units 
(OFS)), being Ihe isa^^^^ 

[0083] It ibfurthenrore assurned that the downlink FN 
sikle stefi width is and maOdnhial downlink FN 
slide wkftrt is "5*. thirt! fethe n^'mal fluctt^ 
is 38 msec, a fraine to t>i5i extracted in BS i2 tinder the 
condition of FN = 6 and OFS = 0 (at 12) wn^esporids 
with a frame diispatched from diversity handover trunk 
34 at FN = 2 and QFS = 3 (at t1). 
[0084] Howe^^efl^ih the example shoWn in the f igure, 
the pertineht^rarne'^^s xlet^ stead of tirtie t2; at 
time t3 which |s sbrneviH^iart behi?^ hand, 
in BS 4, ^'ilxHtes^ detected at a right tinrh 

ing (FN = 5, OFS =15) In the fc^ sends 
a downlink vinrW out-of-sync notice user frame to divef^ 
sity handoyer trtnik 34. this friame is received by diver- 
sity handover trunk 34 at a timing of FN = 10 (at 14) (the 
wired oiA-of -sync notice user fraitie may t>e handled as 
soon as it is received, instead cif its tjeing handled as an 
ordinary frame aocbrding to its FN), then, a slide 
processing is executed to determine what radio fiBme 
numt>er FN is assigned to a frame coming immediately 
after t4. Nsimely, a frame transmitted at FN = 10 and 
OFS = 3 (at tS). which would be othen^vise given FN = 
14, is given FN = 15. Through ttiese steps, a succeed- 
ing trairi of frames delivered from diversity handover 
trunk 34 to BS 2 recovers synchronisation. 
[0085] Next, a detailed expliana^iph will be given of 
uplink frarne proceissing. referring to Rgs. 28 and 30. 

2.5. UPUNK FRAME PROCESSING IN BASE STA- 
TION ' 

[0086] Iri Rg. 3, when MS 1 uplink frames transmits, 
with BSs engaged in divers!^ handover, the radio trans- 
ceiver 25 receives the uplink frames and sends them to 
the a frame receiver 24-5 in its MDE. In an uplink frame 
extraction controller 24-6 of BS (BS 2 in above example) 
which acts as a synchronization reference during the 
onset of communication, radio frames are extracted with 
the radio frame offset value of reference dock being set 
to "X)**. If tiiere are no frames that can be extracted 



according to atxyve timing, waiting time is prolonged to 
the next timing (after "1" radio frame dock cyde) and 
extraction of frames is resumed. 
[0087] In a subordinate BS, i.e.. BS 4, radio frames 
5 are extracted at a tinting after a radk> frame offset value 
OFS corresponding to the synchronization phase differ- 
ence (this is measured by an MS and broadcast by 
MSG) from frames of BS 2 has been adjusted with 
respect to tiie timing "0" of reference dock of BS 4. If the 
10 radio frame offset value OFS thus obtained after fine 
acflustment extends over adjacent ^radio frame docks, 
the radio frame hunriber FN to be assigned to it is shifted 
in association (Rg. 28). Adjustment processing required 
by these synchronization differences is the same with 
IS that seen in uplink frames. 

[0088] Return to Rg. 3. Radio frames thus extracted 
are provided to an uplink frame processor 24-7. where 
erKoding treatment for prevention of the entry of errors 
during transmission over radio zones arxl nxxlulation 
20 for radio trarishiission are executed, to establish radio 
frames. In addition, tiie uplink frame processor 24f7 
evaluates the received state of radio frames and scores . 
it as a quality parameter. Then, an uplink frame reliabil^^ 
ity information assignor 24-8 assigns the score or quair 
25 ity paranriet^r to BS-MSC frames, o:^. 

[9089] Thesie BS-MSO radio frames: are provided to 
an uplink franrie FN adder 24^9 i where the BS-MSC 
frames are given radio frame number FNs. The radio 
frame hurnbe'r FN given here is equal to the FN of refer- 
so ence dock provided by the radio frame synchronizer 21 
"ofBS. • ' ■ 

[0090] In a suk)ordinate BS, however, when the radio 
frame number FN is shifted as a result of f ine synchro- 
nizatk>n adjustment for a given series of radio, frames, 
35 shifted radio frame number FNs are given. BS^MSC 
frames with radio frame number FNs attachedare pro^ 
vided. by way of an uplink frame tiansmitter 24-10, to 
MSG interface 23 of BS and furtiier to MSG 3. 

40 2.6. UPUNK FRAME PROCESSING IN MSG 3. 

- '^[0091] Next, in Rg. 2. an uplink frame receiver 34-7 of 
- diversity haridover trunk 34 receives BS-MSG frames 
from BSs. 

45 [0092] An uplink frame extraction controller 34-8 
receives BS-MSG frames from the uplink frame 
receiver, extracts from them, based on DHO branch 
information (Rg. 4) provided by DHT controller 34^1; 
spedal franri^ which have tiie connection .identifiers 

50 corresponding with active branches, and have radio 
frame number FNs which are obtained- after ttie refer- 
ence clock provided by MSG radio frame synchronizer 
31 has been corrected according to the uplink frame 
number correction value, and sends them to an uplink 

55 frame conparator 34-9. When the received frame is a 
downlink wired out-of-sync notice user frame, it is deliv- 
ered to DTH controller 34-1 . 

[0093] Extraction here is achieved according to the 
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timing determined on the basis of an uplink radio frame 
offset correction value provided by DHT controller 34-1 . 
This timing adjustment is introduced to allow extraction 
to take place, making allowance for a fluctuation delay 
generated during transmissfon between BS and MSG, 5 
and frame shifts possibly introduced in the processing 
performed by the uplink frame FN adder 24-9. 
[0094] In above example, the timing off extraction per- 
formed by the uplink frame extraction controller 34-8 is 
equal to tiie timing if tiie uplink frame offset correction 10 
value is 13i Further, the frame number FN assigned to 
BS-MSC frames to be extracted are equal to ttie frame 
number FN off reference clock provided by MSG radio 
frame synchronizer 31 minus the downlink frame 
number con-ection value three provided by DHT control- is 
Ier34-1 (ng.30). 

[0095] MSG 3 monitors radio frame number FNs given 
to BS-MSG frames and stored in the buffer of uplink 
frame receiver 34-7. Whenever it detects a continuously 
recurring delay in the an-ival off BS-MSG fram^ canrying 20 
radk) frame number FNs to be extracted. It concludes 
tiiat a frame delay occurs, dispatches a BS-MSG frame 
sync correction notice to DTH controller, and alters the 
uplink radio framenumber correction value^ 
[0096] Through this process, radio frame numk^ FNs 25 
assigned to subsequent frames are properly altered. 
This processing is called "uplink FN slide prw 
The extraction frequency (the nurrtoer of extracted cells 
and cell interval when BS-MSG frames are transmitted 
in ATM mode) off BS-MSG frames is determined accord- 30 
ing to trafffic Information provkled by DTH controller 34- 
1. 

[0097] Then, a detailed explanation will be given to 
uplink FN slide processing. 

[0098] This processing is. when frames are detected 35 
by tiie uplink frame receiver 34-7 and uplink frame 
extraction corrtroller 34-8 tfiat arrive behind the extrac- 
tion timing, to recover synchronization of those frames 
so that they may be transnwtted from MSG to BS In an 
synchronization state. . 40 . 

[0099] For radio links, power control off signal trans- 
mission is performed on the premise that all branches 
belonging to wired zones contribute to the .synthetic 
gain of diversity handover. Accordingly, even when only 
one branch arTX>ng a :plurality of branches receives 45 
delayed frames, this delay is used as a trigger for uplink 
FN slide processing. If two or more branches receive 
delayed frames, uplink FN slide processing -is per- 
formed In accordance with frames witii the largest delay. 
[0100] Parameters used in uplink FN sikie processing so 
include an uplink FN slide width (uplink FN slide unit) 
which is given each time processing is performed 
regardless of the amount off detected delay, and the 
maximal FN sIkJe widtii (maximal alkwable FN slide 
widtii) ttiat uplink FN slide units accumulated from tiie ss 
onset of communication to its end can take. 
[01 01 ] If accumulated uplink FN slide units exceed tine 
maximal allowable uplink FN slide widtii, DHT controller 



34-1 gives an alarm warning the maximal allowable 
uplink FN slide widtii beirig overridden, to MSG proces- 
sor 32. Being tiius Informed off an alamn nottee. MiSC 
processor 32 gives a response, but MSG does riot exe- 
cute an uplink FN slide processing even if it has 
detected meanwhile a delay in frame transmissibn^iihtil 
MSG processor 32 giv^ the response. Namely, during 
this Interval, the alarm waning the hiaxiniai allowable 
uplink FN slide wicfth being overridden is ignored. 
[0102] Parameters necessary for the FN s|W^ 
processirig are listed in an FN slide processirig p^^me- 
ter management table stored In MSG processpr^ 
being classified in terms of services, thus, tiie uplink 
frame exb'action ccritroller 34-8 executes u^^^ 
sIkJe processing after referring to the iriforimation there. 
One exanple of a table listing parameteiB necessary for 
FN slide processing is gryen in Rg, 32. 
[01 03] Steps required for uplink FN slide prpcessing . 
are outlined in Rgs. 33 and 34. In Fig. 34^;thin sbjicl liri^ 
indicate the flow otf frarnes; with a delay wdfiin the itiaxiv 
mal allovyable lirnit during tfie transmissiori from BS 4 tp; 
diversity handover trunk 34, while thick scikj lines indi- 
cate the flow off frames vvhose>clelay exceeds tiie rriaxi- 
mal allowable limit during the passage from^BS 2 to 
diversity handover trunk 34. 

[01 04] The maximal fluctuation delay, syiichrori^ation 
errors of frames from involved BSs, arid J^N ■ slide- 
parameteisare set as fblk)w: In ji^2d^ 
link FN ^ide process, the fiBfTie having 
number FN = 2 exceed^ allowabie JirnrL Therefc)re; if a / 
normal control is executed, the frame pf^FN = 3 will be 
extracted at tine timing of FN = 6 and OFS = 13 How- 
ever, in this casp, the frame having the frarne nunhber 
FN = 2 will be extracted, because FN is shiftaJ by "1". If 
diversity handover is maintained, and if overlapped 
extraction off a frame of FN = 2 is to be avoided, ^trac- 
tion of one frame is skipped and renewed extraction 
may starts froiri a frame off FN = 3. Through tiiis 
processing, it is possible for subsequent frames from 
BS 2 to diversity handover trunk 34 to resume syrichro- 
nization. 

[01 05] Next, an uplink frame comparator 34-ii takes 
;:BS-MSG frames collected from BS^ engaged in diver- ' 
sity handover, refers to reliability data attaic*i^ tile 
radio frames, compares them, and executes tiie diver- 
sity selection. The detail of procedure will be Wplaihed 
with reference to Fig, 19. 

[0106] Fig. 19 gives a radio frame numtier FN 
^assigned to a BS-MSG frame in correspondence with a 
radio frame, and a list of reliability data. TTie reliability 
data include radio franie out-of-sync evaluation bit 
(Sync). GRG evaluation bit (GRG). received SIR value 
(Gon). level degradation evaluation bit (Level), and BER 
infferiority decision bit (BER). Resen/e kMt (RES) is used 
to expand a given function. For exarriple. this may be 
used to distinguish between a dpwrilink wired out-of- 
sync notice user frame and an ordinary user frarne. 
[0107] Diversity selection achieved by the uplink frarne 
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comparator 34-9 takes place according to the received 
SIR value and CRC evaluation bit To be more specif ic, 
of multiple BS-MSC frames whose CRG is OK. the one 
whose received SIR is the highest is chosen. When all 
candidate BS-MSC frames have CRC judged to be NG, 
their bit data may be compared, ranked in order of mag- 
nitude or submitted to calculation according to a certain 
evaluation function, and combined. 
pnOS] However, when the reliability data of wired 
fiBmes from all' involved imnches contain a radio frame 
out-of-sync evaluation bit, a processing necessary for 
meeting out-of-sync communication ituist be intro- 
duced. The^sk: steps necessary for selectfon process 
isshown ih Fig. 21; 

[0109] Then, an uplink frame analyzer 34-1 0 statisti- 
cally calculates the transmission quality of radio frames 
after selectfon of frame by frame, and when it finds that 
a given franie is so degraded as to meet a standard 
FER (Frame Error Rate), it dispatches a quality degra- 
dation alarm signail to MSC processor 32. Quality deg- 
radation evaluation parameters (Fig. 6) are given from 
diversity handover trunk 34 when a call is generated. 
[01 1 0] The uplink frame analyzer 34-1 0 also rnonitors 
radio frame out-of-sync evaluation bits, and each time it 
finds that radfo frame out-df^ync occurs N (N is a natu- 
ral numk^) times in successiori, rt sends an alarm sig- 
nal warning out-of-syric communication to PRC-M. The 
nurhber of times at which out-of-sync wire frames occur 
in succession is provided by DHT controller. Here^ refer- 
ring to Figs. 8-10, explanation will be given of a simple 
method of quality €K/aluatioh basied on the use of an up- 
down courfter. 

[0111] Firstiy, tiie bask; working prifK:iple will be given 
with reference to Fig. 8. When N radio frames are 
received by one MSC from one or more BSs. and those 
radfo frarnes contain M degraded frames. FER of the 
frames can be expressed as M/N. 
[0112] In Fig. 8. the FER quality measurement con- 
sists of checking, of N radio frames received, whether 
they contain two or rhore frames whose CRC is NQ, and 
of. by so doing, ensuririg that FEF of the radio frames is 
not more than! 1/N (FER ^ 1/N). To ensure FER ^ 1/6 for 
N = 6, the counter is given f ive each time it receives a 
frame wfibse CRC is NG, while its number is decreased 
by one each time it encounters with a frame whose CRC 
is OK. 

[01 13] A monitoring section checks that the number in 
counter does not exceed five, tiiereby ensuring FER ^ 
1/6. When N is alterable, and FER shouM be within 10' 
^. N = 1000 is introduced into the counter and monitor- 
ing may be perforifned in the same rronner as above. If 
the quality standard is set to a high level, N will take a 
very large figure. 

[0114] For exanple. when N = 100.000 and a frame 
has a period of 10ms, the required monitoring time will 
be about 16 minutes (10ms x 100.000 - about 16 min- 
utes). This will disrupt an effective monitoring even if the 
monitoring time is set far over an average hofoing time 



for communication. To meet this inconvenience, tiie 
counter is set to N = 0 arxl Is instructed to advance by 
one each time it receives a frame whose CRC is NG. 
[01 1 5] Figs. 9 and 1 0 show flowcharts illustrating the 

5 steps of counting operation incorporating above consid- 
eration. REPORTpER is a threshokJ at which, when the 
- -counter counts the ruimber of degraded frames in 
excess of a predetermined FER, and finds that the 
excess number reaches a certain value, it informs of the 

10 fact to PRC-M. This may be taken as a scale of protect 
tive steps which is required to reduce the announce- 
ments to PRC-M when a given signal consists of 
frequentiy degraded frames. 

[01 16] REPORTsouT represents the number of out- 

15 of-sync frames occurring in successfori. This may, be 
taken as a scale of protective steps because only when 
the number of successive out-sync-frames after selec- 
tion exceeds this scale, a notice waming the occunrenoe 
of out-of-sync frames is dispatched. 

20 [0117] /Although Rgs. 8-10 give a quality measurer:^ 
ment teased on the use of an up-counter, otiier methods 
may be used for the -measuremefit andrdete($on;:of 
quality and out-of-sync frames. For example, a window 
sikje method can be mentioned where a window witii a 

25 ciertain wkith is introduced and frames passing ttirough 
the window .^are evaluated of ttieir quality (in tfiis case 
parameters necessary for quality evaluation rnay b^e 
implemented in a different manner than above.) 
[0118] Next an uplink frame deliverer 34-11 attaches 

30 network skie connection identifiers to intrarMSG 
frames, and the intra-MSC frames to a servfce trunfc. 
The intra-MSC frames are transmitted to servfoe trunte 
according to services appropriate for the framesj;(fpr 
exarrqDles. when the frames carry speech information, 

35 tiiey are transmitted^to a high efffoiency speech coder 
35, or when the frarrieis carry data, tiiey are transmitted 
to a data service corrtrol system 36). 
[01 1 9] The intra-MSC frames, after having been proc- 
essed in an appropriate service trunK are transferredv 

40 as relay frames to a relay network 12 by way of a relay 
^ network Interface system 37, and routed to :a:1arget; 
However, when comrriunication is made between differ- 
ent MSSi the service trunk may be bypassed as appro- 
priate, in order to improve quality, delete delay, and 

45 hiinimize the consumption of trunk sources. ; 

' [01 20] To add or remove branches engaged in diver- 
sity handover. MSC processor 32 informs DHT control- 
ler 34-1 of tiie connection identifiers of branches to be 
added or removed. Then, DHT controller 34-1 informs 

50 internal functional elements involved in the matter of the 
-connection identifiers of branches to be added or 
removed- Through this action, processing in DHT is 
updated. The uplink frame analyzer 34-10 resets the 
previous result of quality evaluation and restarts quality 

55 measuremerrt. 

[01 21 ] Throughout the foregoing explanations regard- 
ing downlink frame processing, downlink FN sIkJe 
processing, uplink frame processing and uplink FN slide 
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processing, the timing of frame transmission or recep- 
tion at the BS which acts as a sync reference is set to 
"0" or "15" for the simplicity of explanation, but. needless 
to say. the timing may be set freely at will without inter- 
fering with the frame sync control described above. - 
The operator of a communication system, by setting the 
timing to "0" or "15"^ or at random, or deliberately 
according to a certain order, can distribute load evenly 
to involved systems, or routes evenly to involved sta- 
tions, thereby achieving a statistically significant multi- 
ple route efficiency. 

2.7. HANDOVER CONTROL 

[0122] Below explanation will be given of handover 
applied in mobile communication based on the use of 
diversity handover trunk 34; 

[0123] Handover is classified from three aspects: (a) 
control range, (jo) frequency, and (c) handover: 
branches, and it will be explained from these aspects. 

(a) Classification in terms of control range : 
10124] 

• Handover^assification in terms of control range Is 
given in Fig. 22. 

[0125] Refemng to Fig. 22. handover is roughly 
divided into two categories: handover practiced in one 
MSC. and handover practiced between different MSCs 
(inter MSG handover). 

[0126] The former handover or intra MSG handover is 
further divided into intra-cellular handover which is 
closed in one BS (or cell) and intercellular handover 
which covers different BSs (between different cells); 
The intracellular handover is further divided, when BS of 
interest has a plurality of sectors, into intra-sector 
handover and inter-sector handover. 
[0127] Handover between different MSGs or inter 
MSC handover is classified to inter sector handover. As. 
seen from the network arrangement in Rg. 20. a periph- 
eral MSG (MSG-V) is connected through an extended 
subscriber line to an anchor MSG (MSG-A). and diver- 
sity selection of frames is executed by MSG-A 
[0128] As shown in Rg. 38. when inter MSG handover 
is practiced, and comnuinication between different 
MSGs is put into effect, delay in transmission is length- 
ened, and it becomes highly likely for the delay to 
exceed the fluctuation delay absorbing capacity of DHT 
In this case, DHT executes above-described FN, slide 
processing to recover sync of frames. 

(b) Handover classification in terms of frequency 
[0129] 

• Same frequency handover: handover of frames 
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having the same frequency 
• Different frequency handover: handover of frames 
having different frequencies 

(c) Handover classification in terms of handover 
branches involved 

[0130] 
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Diversity handover (DHO): handover with diversity 
state mairvtained (addition, deletion and addi- 
tionAdeletion of branches) 

Branch switching handover: handover where ail 

involved handover branches are disconnected, and 

after a brieipause. a new set of handover branches 

are entered fofsa renew^ handover. 

Re-connectipn: type handover: frames from all 

involved handover branches become out-of-sync, 

and ^er a brief intenruption of cohmunk^tibn, a 

new set of branches are entered for a renewed ^yric 
handover., 

• Handover branch state classified by handover 
branch control is given in Fig. 23. 

[0131] One can identify a given handover by following, 
of the categories (a) - (c), which orie it tates. (Example: ^ 
intracellular, imer-sector. different frequency using., a^ 
branch switching handover, or iritercellular, 
tion/deletion capable DHO handover; eta) ^ ■ 
[0132] There<»rinection type handover fe^ 
which, when communication between MS and BS^ s^ 
fers out-of-sync. the network side reserves relay lihes 
Ibr a certain lerigth of time, and the mobile station side 
searches for a BS which may reestablish tost s^ 
Thus, when the mobile station f irxfe the announcement 
channel from a new BS (or a BS which it communicated 
previously) which may recover lost sync within that 
lengtii of time, that .mpbjle station is connected Jo tiie 
relay line reserved thus kHig. 

[01^] Recall handover may be eirpfoyed for tiie 
attainmerit of the same purpose. In this mode, the 
mobile station dispatches a recall iru^luding information 
regarding previous communication state to a BS whrch 
can recover promptiy the previous communication istate 
based on, this information. 

[01 34] Rgs. 24 and 25 are tables comparing handover 
triggers evotod in mobile communication, and handover 
^es. 

IQ1 35] Three kinds of ti-igger assigned to big catego- 
ries of nan-ow classification in tfie left column of Figs 24 
and 25 will be explained below witfi respect to this 
exanple. 

(1) DHO trigger due to transmission loss measurement 

[0136] Transmission loss is measured by MS for 
downlink frames. MS computes, transmission loss by 
.comparing tiie output, power of its own sector arid of 
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adjacent sectors which is provided through perch chan- 
nels of sectors engaged in communication, and the 
input power of signals received by MS. Then it arranges 
sectors in the ascending of transmission loss, converts 
the information Mo a cell condition report/handover trig- 5 
ger, and sends it to MSG. (It adjusts announcement tim- 
ing according to the timing difference of sectors.) 
[0137] As descrit>ed earlier. DHO is a handover where 
site diversr^ is maintained with base harklover lines 
being kept dosed and peripheral handover lines with 10 
the same frequency bands being newly set while MS 
moves over radio communication zones.'lt is possible to 
increase the capacity of radio communication between 
adjacent sectors, by distributing extra energy gained by 
improved quality of commimication due to site diversity is 
to transmission. 

[0138] Addrtion/defetion of DHO branches niay be 
deterntiried according to the threshold which is set for 
the difference between the transmission loss of 
branches engaged in communication, arid the corre- 20 
sponding value of branches to be added/rerhoved. (The 
threshold includes ; a threshold for DHO addition 
(DHO_AbD). DHO deletion (DHO_DEL). and branch 
switching handover (BHOJNI).) 

[0139] Aax)rdingly, diversi^ haridGiNir^ ^ 
mined accbrding to ttie transniissibn loss between MS 
arKJ BS as shown in Rg; 3^ 

[0140] If an MSC^ hab ari uplink frame interference 
level exceedifig a[ri allpi^ safely executes 

handover, because Wen the power necessary for trans- 30 
mitting uplihkfrarnes remains unchangaJfHbweven 
downlink frame interference level exceeds an allowable 
limit (maximal tr^hsrryssion power permitted to BS). 
MSG can not execute handover. 

[0141] In such case. MS does not esxecute handover. 35 
proceeds to an area where harxiover carxJidates reside; 
and causes degradation in commuhication of other BSs 
existing in tiie same area. To avoid f r<k|uent occurrence 
of such situation, ft Is necessary to limit the acceptance 
of calls to a certain level so that the capacity for hando- 40 
ver calls may be kept sufficient. Later. MS jDasses 
through a diversity handover area, and moves outside 
the zone where communication is in progress. When 
communication quality is so degraded that it exceeds a 
threshold for BHOJNI, MS will execute BHO as wiir6e 45 
described later. 

(2) Branch switching handover trigger 

[0142] Branch switching hahdd\/er is a handover so 
where, when communication degradation intervenies, or 
MS passes a DHO area without resoHing to DHO, and 
its communication quality is so degraded as to exceed a 
threshold for BHOJNI, base handover lines are opened 
while peripheral handover lines are newly set. In the ss 
foregoing explanation of the triggering of base handover 
lines with reference to Figs. 24 and 25, both the out- 
break of quality degradation and quafity degradation 



sufficierrtiy targe to exceed a threshokJ for BHOJNI are 
saki to be necessary for the execution of handover, but 
either one of the two requirements may occur for the 
execution of handover. 

[Q143] Quality degradation measurement is executed 
by diversity handover trunk 34 for uplink frames while it 
is done by MS for downlink frames. Below quality degra- 
dation measurement performed t>y diversity handover 
trunk 34 will be described. 

[01 44] Diversity handover trunk 34 statistically calcu- 
lates the incidence of NGs by checking CRC of user 
frames after diversity selection, and when it finds that 
tiie measured FEF exceeds a threshold FER, it sends 
an alarm signal telling quality degradation to MSG proc- 
essor 32, which starts harKlover using the signal as a 
trigger. 

[0145] To cite an example, t>ranch switching handover . 
is introduced when lines allocated for the same fre- 
quency band are in short of capacity, and lines allocated 
for a different frequency band has a sufficient capacity 
for acceptance- (acceptable in: terms of capacity and 
available resources), and otherwise squelch interruption 
of speech, or line opening is executed. Umits of branch 
switching handover are determined as shown in Rg. 31 . 
[01461 To cite anottier example, when MS in a diver- 
sity area finds no vacant communication channels 
(TRX) in BSs in its moving direction. MS does not exe- 
cute diversity handover. When it finds a Uank communi- 
cation channel newly opened, it promptly starts diversity 
handover, but tiie frames it handles exceed a limit of 
branch switching handover, it executes branch switching 
handover. 

[0147] When MS f inds that BSs in its nnoving direction 
has no communication channels having the same fre- 
quency with ttiat of the frames MS handles, it does not 
request diversity handover, but the .frames it handles 
exceed a limit of branch switching handover, it ececutes 
branch switching handover. 

[0148] Further, when MS remains in a certain zone 
and finds the capacity of transmission lines of all BSs 
involved in tiiat zone fully saturated (transmission power 
for downlink frames is maximal or the fransmission 
power for uplink frames exceeds an allowable limit), it 
can execute branch switching handover even if the 
frames it handles does not exceed a limit of branch 
switching handover, 

(3) Re-connection type handover trigger or disconnec- ; 
tion due to detection of out-of-sync communication 

[0149] When a station continues to make a communi- 
cation with quality being degraded, and degradation 
proceeds so much for a certain length of time (detection 
of out-of-sync state), disconnection of communication 
ensues. When the user of station insists continuing the 
communication, re-connection type harKlover is set in. 
Re-connection type handover is a control consisting of 
switching radio links, while holding tiie same call. 
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[0150] Detection of biJtK>f-synca>mmiinicationi^ 
formed by diversity handover trunk 34 for uplink frames 
while the same is done by MS 1 for downlink frames. 
Below, how out-of-sync uplink frames are detected by 
diversity handover trunk 34 will be described. 5 
[0151] Each involved BS, whenever it detects out-of- 
sync radio frames in its radio moute. informs MSG 3 of 
the out-of-sync state as soon as the out^-sync state 
surpasses protective steps. This information is given in 
the form of radio frame: out'^Tf^ync evaluation bit con- 10 
tained in the reliability data of user frames. 
[01521 Diversity handover trunk 34 monitors radio 
frame out'Of-sync evaluation bits, and each time it finds 
that the occurrence of radio frame out-of-syncs exceeds 
REPORTsouT. it sends an alarm signal warning the: 15 
occurrence of out-of-sync communfoatfon to MSG proc- 
essor 32. MSG processor 32 starts rerconnection type 
handover using tile alamri as a tigger, or disconnects 
tiiecall. •• : . . -V-;.:..; 

[0153] For appropriate handover to be set in.various; 20. 
situationis as described above. BS and MS have^follow- 
ing functions: ^ 

[0154] BS conistanlly monitors tiie interference level of 
uplink frames and tiie total power consumed for trans- 
mission, and inserts, into broadcast informations, their 25 
values togetiier witii their comparisons witii correspond- 
ing tfireshoWs. BS sets threshokJs separately for hando- 
ver and receipt/b-ansmission of signals, t>ecause it 
respects handover more tiian originating and temiinat- 
ing of calls. The tiireshoMs for originating and terminat- 30 
ing of calls are preferably set to a sterner levels than 
that given to handover -^i.c^r. 
[0155] MS is provided with a function to monitor 
incoming broadcast information during waiting or comr 
municatihg, and can determine by itself whetfier it is 3S 
possible to currentiy execute originating and terminating 
of calls or handover. MS receives a signal from an adja- 
cent perch channel having the same frequency t^and - 
witii that used for the communfoation in progress^ Then, 
regarding a interference level to uplink, it computes 40 
transmission^ loss on the)l>asis of tiie transmission : v 
power tiirough the perch channel which is derived from 
the broadcast information, and of receiving fiekJ level of 
tiie perch channel. Then, MS communfoates with a BS 
which gives the least transmission loss. Furthermore, 4S,-, 
MS compares ti-ansmission losses with interference lev- 
els to uplink frames in communications witti adjacent 
BSs, and determines a zpne to which it moves. 
[0156] The sequence of steps necessary for divereity 
handover control processing is shown in Figs. 1 1 and so 
12, and the sequence of steps necessary for branch 
switching handover control processing is shown in Figs. 
13 and 14. Firstly, tiie sequence of steps necessary for 
diversity handover control processing will be described. 
This is to ensure execution of handover such that com- 55 
munication remains uninterrupted even when MS 
moves from a zone governed by BS 2 (BS 1) to a zone 
governed by BS 4 (BS 2). 
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(1) When MS detects a branch (or branches) with a 
low transmissfon doss, it measures the sync phase 
difference t^etween radio frames received by the 
reference branch , or MS in communication, and 
radio frames receive(J.by the branch to be added, 
and dispatches a request for addition of a branch to 

MSC3. .rrr,.. ^. 

(2) MSG 3 determines an appropriate one out of 
candidate branches, asks BS 4 (BS 2) which gov- 
erns, the branch to be added^y^iether the branch 
has a sufficient resource such as radio routes and. 
others, arxi receives an affirmative answer. Hiis^ 
step may be conglomerated with the step (4), 

(3) MSG proce^pr 32 informs diversity handover 
trunk 34 of a request for addition of a branch, arid 
sets diversity handover t^^ be respprislw to 
therequ^. ^ 

(4) MSG 3 instructs BS 4 (BS to set |)roperiy 
wired links between MSG 3 and BS 4^ radio . 
links. ? V 

(5) BS 4 sets prppiBfly wired links, staijs to trans- 
mission through the downlink and to receives uplink 
frames, and returns a response to MSG 3. At tills 
stage, however; frames haridl^l l;^. BS^^ d^ 
always have a sync relation witii fraiii^.hand^^ 

MS (this is partiojlariy true when of 
power for transmission uplirik frarri^ fciy MS is 
directed to a BS ottijer than BS 4)^ 

(6) lyiSG 3 ir^ucts MS to add ^ new branch. 

(7) MS returns, to MSG 3, response to tiie instruc- 
tion for addition of a new branch. 

(8) MS adds the txanch in question on a maximal- 
ratio combining basis, and enters diversity hando- 
ver. The stef^ (7) and (8) may be exchanged in 
orders- " 

(Deletion of branch) , 

[0158] 



(9) Wheri lyiS detects ia branch (or branchies) which 
does not conta-ibute to the maximal-ratio combining, 
it sends a request for deletion of tiie branch to MSG 
3. 

(10) MSG 3 instructs MS to delete the branch. 

(11) MS ^ecute deletioii of the branch. 

(12) MSG 3 insUucts EtS 2 (BS 1) to delete previous 
radio and wired roi4^^ 

(13) EfS 2 opens radio and wired routes, and 
informs of it to MSG. 

(14) MSG 3 informs of tiie order of branch deletion 
to diversity, handover trunk 34. 

[01 59] Next, explanation will be given 61 the sequence 
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of steps necessary fbrixanch switching handover (Figs. 
13 and 14). 

[01 60] This is to ensure execution of handover with an 
intemjption, when MS moves from an area governed by 
BS 2 to another area governed by BS 4, and during the 
niovement it does not resort to handover for some rea- 
son and thus suffers degradation in communication, or 
degraded communication exceeds a BHO threshold. 

(1) When BS detects a branch with a low transmis- 
sion loss, or a branch (or branches) to which com- 
munication may be switched, it'measures the sync 
phase difference of loss of that branch from the cor- 
responding one of a referential branch, and informs 
of the result as a report of cell condition to MSC 3 
periodically or at. intervals whenever the state 
changes. MSC 3 memorizes the report. 

(2) When BS or diversity handover trunk 34 detects 
degraded communication, handover destination 
branch is determined according to the cell condi- 
tions of MS stored in the memory of MSG 3. 

(3) MSC 3 asks BS 4 which governs the branch to 
be switched to whether the branch has a sufficient 
resource such as radb links and others, and 
receives ah affirmative answer. This step may be 
conglomerated witii the step (Q. 

(4) MSC proc^sor 32 informs diversity handover 
trunk 34 of a request'for addition of a txanch, and 
sets diversity h^uhddver trunk^34 to tseTesponsive to 
the request. 

(5) MSC 3 instructs BS 4 to set properly wired links 
between MSG 3 and BS 4/ and radio links. 

(6) BS 4 sets property wired links, starts to deliver 
uplinh^ frames through a radfo VinK and returns a 
response to MSC 3. 

(7) MSC 3 instructs MS to execute switching of 
branches. 

(8) MS disconnects communication with a previous 
branch and starts to communicate with a new 
branch. 

(9) BS 4 checks that communication is established 
between MS and the new branch, and informs MSC 
3 that a synchronization state has been estat^lished 
in the communication t)etweeh MS arxJ the new 
branch. 

(10) When MSC 3 receives the report from BS 4 
that a sync state has been estat)lish~ed in the new 
communication, it instructs BS 2 to release previ- 
ous radio and wired links. 

(11) BS 2 releases the previous radio and wired 
roots in question, and iriforms of it to MSC 3. (13) 
MSC 3 informs of the order of branch deletion to 
diversity handover trunk 34. 

[0161 ] In the sequence of steps depicted in Figs. 11- 
14. commarxis for branch addition and deletion is 
exchanged between MSC processor 32 and diversity 
handover trunk 34. Information exchanged k)etween the 



two elements during the onset/end of communkation 
and receipt/dispatch of a report informing degraded 
communication/outbreak of out-^f-sync state is shown 
in Rgs. 15 and 16. 

5 (01 62] Information flow during onset of communica- 
tion will be firstly described. 
' IPI 63] MSC processor 32, when it receives a call. (1 ) 
recognizes the type of service. (2) determines the con- 
nection identifier. (3) computes timing con-ection param- 

10 eters. (4) detemriines quality degradatton measurement 
parameters. (5) determines out-of-sync state detection, 
parameters. (6) analyzes traff fo information, and informs 
the parameters obtained in the steps (2)-(6) to DHT. 
together with a DHT setting instruction command. 

15 [0164] The diversity handover trunk 34 sets various 
inner condition according to the commands and p^rarn- 
eters supplied thereto, and starts diversity handover 
operation. 

[0165] Next, information ffow during the onset of 

20 tiandover will be described. 

:[01 66] MS6;^2, iduring addition or deletion of a wired 
branch. (7) determlries DHO connection klentif ier of the 
branch to be added; or deleted, and informs of tiie result 
to diversity handover trunk 34 together with a command 

25 ' f instructing ackiitionipr^deletion of a branch. 

(91 67] Diversity handover trunk 34 updat^ tiie state 
in system according to the command and parameter it 
has received, and initiates a renewed diversity handover 
witii the new branch added. 

30 [01 68] To disconnect a given call. MSC processor 32 
sends an instruction for opening the involved route to 
diversity handover trunk 34. 

[01 69] When degraded communication or out^qf-sync 
state arises, diversity handover trunk 34 dispatches an 
35 alarm signal to MSC processor 32 which ^cecytes an 
appropriate treatment according to the content deliy-: 
ered fciy the signal. 

3. Advantages off EMBODIMENT 

40 

[0170] Based on featores as detailed above, tiiis. 
embodiment will bring fblfowing advantages. 

(1 ) in tills embodiment, a common synchronization 
45 timing is ensured in communication between MSs, 

^>r; BSs and MSCs. Frame identification information is 
exchanged only between BS and MSC. and delays 
of frame transmission different from one BS to, 
another are nullif ied by MSC and BS irivotved. Fur- 
so ther. MS can receive radio frames from different 
BSs at a synchronization timing, it manages cqm^ 
munication with a^small capacity buffer. As frame 
identification information is exchanged only 
between MSC and BS, and is not exchanged 
55 through radio links, an efficient use of the radio 
transmissfon capacity is ensured. 

(2) In tills embodiment during ttie onset of commu- 
nication, a. communication controller informs of a 
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rightly measured transmission delay to a frame 
receiving system, and a frame extraction controller 
extracts frames according to the type of service 
involved. Thus, it is possible to achieve communica- 
tion with a properly set transmission delay accoid- 5 
ing to the type of service. 

(3) In this emtxxJiment when the frame extractor 
detects an out-of-sync state of received frames, it 
shifts the timing of extracting frames as appropriate 
according to the period of frames, and, by so doing. 10 
recovers a synchronization state for subsequent 
frames. Thus, it is possible to continue communica- 
tion without disconnection. 

(4) In this embodiment quality defipradatibn is eval- : 
uated after selection process, and hence it is possi- is 
We to activate handover using the quality 
degradation as a trigger. This contributes to ^ 
improvement of communication quality. 

(5) In this embodiment each BS inlbhms of an out- 
of-sync state to a diversity handover trunk through a 20 
communication link, arid allows the diversity hando- 
ver trunk to evaluate the out-of-sync state and then 
to dispatch the result to an involved processor. 
Thus, it is possible to reduce the amount of signals - ^ 
required when an out-of-sync notice is^directiy dis- 2s 
patched to the processor as in a conventional sys- 
tem, arid thus load imposed on the processor: 



4. VARIATIONS OR MODIHCATIONS 



30 



101 71 ] The present invention can be put into practice 
in various forms without encroaching the spirit or prind- 
pal characteristics inherent thereto. Thus, the afore- 
mentioned embodiment is only illustrative in any 
respect and shouki not be taken as restrictive of tiie 3s 
present invention. The scope of tiie present invention is 
only limited by what is defined by attached claims, and 
is never restricted by any description contained in the 
text off Spedfk^tion. Further, variations-ahd modifk:a- 
tions equivalent to any daim are of course within the 40 
scope of the present inversion. ■ 
[0172] For example, in above embodiment; dock 
errors and fluctuations in transmission delay off indivkl- 
ual nodes are assumed to be known. The present inven- 
tk>n, however, can be applied to various cases: a case 4s 
wher e the clocks of transmitter and receiver are not syn- : 
chronized, a case where a fluctuation in transmission 
delay arising as a result off signals passing through a 
transmitter and receiver remains unknown, etc. 
[0173] The operations according to above situations so 
will be described below. In Fig. 37, a transceiver 100 
has a clock circuit 101 to generate dock pulses CL1. 
and a receiver 120 has a ckxk circuit 102 to generate 
clock pulses CL2. The dock pulses CL1 and CL2 are 
not synchronized. Furthermore, the maximal delay due ss 
to fluctuations during tiie passage off signals between 
the transmitter and receiver 100 and 120 is assume to 
be unknown. The technque will be described, in which 



tiie receiver 120 synchronizes the frames transmitted bf 
transmitter 100. 

10174] nrst, transmitter 100 attaches tiie phase of 
dock pulses CL1 to frames as the radto frame number 
FN, before it transmits tiiose frames. Receiver 120 
receives those frames, reads frame numbers FN 
attached to tiie frames, calculates tiie phase drffference 
of a given frame number from a correspondirig dock 
signal CL2. This calculation was repeated one or more 
times for frames transmitted by a previous trarvsriiitter, 
the maximal difference was obtained, and a safety lac-, 
tor was added thereto to give a connection value which 
was then stored In a menx>ry. From framed cqmii^ 
thereafter, the receiver extracts appropriate frames 
according to clock pulses CL2 and the correction value. 
This correctfon value can be changed, any time, iff nec- 
essary, according to the cunrerit history of communfca- 
■tion. 

BM751 N©ct, operation off tiie above modiftoation will 
t>e explained. 

10176] Transmitter too is going to send, for example, : ; 
a frame when the dock signal ,CL1 has a ph^ FN 
"55," and attaches the radip /frame number FN of "55" to 
the frame. If the re<^iverri120:^indS:ti[m^^ corresporxJr 
Ing CL2 is at qMhe dodcsignalj ttimthe^fference 
' is 5 (60 - 55 5). In the sanie manner^ if tie frfiase i=^N 
off cfock signal GL1 is ^rvvvhen a frameife^^^ 
and clockrstonal.€L2 is at "S*^ when the frarne is ; 
received, tiie difference is 7 (64 + 5 - 62 « 75^ t)ecause 
radio frame numbers FN change in a cydic manner,^ 
between "0" to "63". , . c M c % . ^ 

101 77] If the safely ^ctorr is assumisd to bjei2-,.then 
the largest difference "7" of tiie two measurements is- 
added with "2". and the correction value "9" i^ ofcrtalned 
In the subsequent process, tiie recer/er 120 extracts 
frames according to the Cforrection value. For a third 
example, when a frame of Interest is received by 
receiver 120 at "6" of dock signal CL2, thei difference is 
61 (6 - 9 + 64 = 61). Thus, a frame having FN = 61 is 
extracted. For a fourth example where a frame of inter- 
est is received by receiver 120 at !7" pf clock signal CL2, 
a frame having FN = 62 is extraipted. lathis way it is pos;- 
sible to .maintain a synchronization state of frames 
between transmitter 100 and receiver 120. 
[0178] In above emtxxJiment, various trunks are put 
togetfier and distributed .to a single MSG as shown in 
Fig. 39 (case 1). lihe -presmt inyentfo^ also be 
applied to case 2 in the same figure where MSCs are 
assigned to several blocks, and trunks are separately 
distributed to those blocks. |n tiie exaniple depk;ted in 
the figure, MSG is composed of .MSC-I and MSC-2. In 
tills case, further, the number and location of MSCs-1 
are not limited by any specific requirements: they may 
be located dose to BSs. and a plurality of MSGs-1 may 
be connected to a single MSG-2. 
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Claims 

1 . In a method for handover utilizing a first transmis- 
sion route which connects a diversity handover 
trunk with a motile station by way of a first base sta- 5 
tion, and therewith causes a first delay time, a sec- 
ond transmission route which connects the diversity 
handover trunk with the mobile^istatfon by way of a 
second base station and therewith causes a sec- 
ond delay time which is longer than the first delay io 
time, aniS^ control means which controls the diver- 
sity handover trunk, the method 'characterized by 
conprising steps of : 

communicating, by the diversity handover is 
trunK with the mobile station by way of the first 
base station with the first delay time intervened 
in communication; 

receiving, by the mot)ile station, a signal 
through a radio channel of the second base 20 
station; 

providing, by the mobile station, a handover 
trigger signal involving the secorxJ base station 
to the control nieans by way of the first base 
station; ^ 
changing the delay time in the first transmis- 
sion route into the second delay time; 
transmitting, the signal directed to the mobile 
station, through both of the first and second 
transmission routes; and 30 
receiving, by tiie mobile station, the signals 
provided through the first and second transmis- 
sfon routes for oombirung the signals or choos- 
ing either of the signals. 

35 

2. A method for handover according to daim 1 , further 
comprising the steps of: 

detecting the fact that arrival of either of the sig- 
nals provided through the first and second 40 
transmission routes being delayed from a pre- 
detennined timing; and 

changing, in response to the detecting, the 
delay times in the first and second transmission 
routes into a third delay time which is longer 4S 
tiian the second delay time. 

3. A method for handover according to claim 1 , further 
comprising a step of evaluating statistically quality 

of ooftimunication between the first base station so 
and mobile station; 

whereby the handover trigger signal is pro- 
vided if a predetermined condition is satisfied, the 
predetermined condition including a state that the 
quality is so degraded as to fc>e lower tiian a prede- ss 
termined threshold. 

4. In a method for handover utilizing a first transmis- 



sion route which connects a diversfty handover 
trunk with a mobile station by way of a first base sta- 
tion, and a second transmission route which con- 
nects the diversity handover trunk witii the mobile 
station by way of a secoTKl base station, the metiiod . 
characterized by comprising the steps of: 

generating a first out-of-synchronizatfon notice, 
when ah out-of-synchronization state is 
detected in a signal provided by the mobile sta- 
tion to the first k>ase station; and 
generating a second, out-of-synchronization 
notice, when an qutrof-synchronlzation state is 
detected in another signal provkled by the 
mobile.station to tiie second base station; 
whereby re-connection type handover or recall 
type handover is executed on the condition that 
both of ttief irst and second out-ofrsynchroniza- 
tfoh notices have«t)een generated. 

5. in a metiiod for handover utilizing a first transmis- 
sion route which connects a diversity handover 
trunk with a iTX)bile station by way of a first l>ase sta- 
tion, and therewitii causes a first delay .time, a sec- 
ond transiriission routeiwhich conriects the diversity 
handover trunk with the molMie station by-way of a 
second t>ase statfoh and therewith causes a sec- 
ond delay time which is longer tiian the first delay 
timet^and a control means which controls tiie diver- 
sity handover trunk, the metiiod characterized by 
comprising the steps of: 

communicating, by the diversity handover 
trunK with the mobile station by way of the first 
base station with a delay time intervened 
longer than or equal to tiie second delay time 
on the premise that it may communicate with 
the same mobile station by way of the second 
base station. 

e. A metiiod for handover according to daim 5, further 
comprising tiie steps of : 

receiving, by the mobile station, a radfo chari- 
nel signal of theisecondil3ase<station; 
generating/ by the mobile station, a handover 
trigger signal involving the second base station 
to the corrtrol means by way of the first base 
station; ^ 

cbritiritiing: a communication without changing- 
the delay tirifie in the first transmissiomroute; 
transmitting a signal directed to the mok>ile sta- 
tion through Ixrth of the first and second trans- 
mission routes; and 

receiving, by the mobile station, tiie signals 
provided through the f irst and second transmis- 
sion routes for combining the signals or choos- 
ing eitiier of the signals. 
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7. A method for handover according to daim 5. 
wherein the handover trigger signal is either an 
addition handover trigger signal which instructs 
addition of the second transmission route, or an 
elimination handover trigger signal which instructs s 
elimination of the second transmission route, and a 
condition required lor generation of the addition 
handover trigger signal is kept sterner than a condi- 
tion required for generation of tlie eiiminatk)n 
handover trigger signal. 

8. A mettidd for handover according^to dalm 1, further 
comprising a sti^ of receiving, by the mobile sta- 
tion, a handover acceptability information indicative 

of whetiier the second base station ts^ capable of is 
accepting handover. 

whereby the fiandover trigger signal is pro- 
vided to the control means only when the;handover 
acceptability information cam'ese ani affirmative 
answer. 20 

9- A method for handover according to dairh 8. furtfier 
comprising a step of receiving.> by the rnpbilersta?r 
tion. a calbacceptability infomiation Jrdicativerof - 
whetiier ihid second base stationcis capableHof b?25 
accepting a new call^ ^ v - :^ j/^: ^ . r - 

wherein a condition requiredcfor the hando- • 
ver acceptabirity information to be affirmative is kept . ^ 
sterner than another condition required for tiie call 
acceptability information to be affirmativa . ax> 

10. A metiiod for handover according to daim 5. further 
comprising tiie steps of: 

detecting the fact tfiat arrival (E>f either of the sig- 3S 
nals provided through the f irst and second 
transmission routes being delayed from, a pre- 
determined timing; and 

changing, in response to tiie detecting, tiie 
delay times in tiie first and second transmission 40 
foutes intoua third delay: time which is longer ^ 
than the second delay time. .y;, ,r f , - . 

11- A mettiod for handover according to'daim 5; furtiier 
comprising a st^ of evaluatlng^statisticallyi quality 4S 
of communication between the first base station 
and mobile station^ ^ '^^-^-^^ 'r'^^o. -.- -..,oft 

whereby ttie handover trigger^signal is pro- 
vided if a predeternr^ned condition is satisfied- tiie 
predetermined condition Indudingca stateuthat the so 
quality is so degraded as to be lowerv^tiian>a pr^e- 
termihed threshdd. 

1 2. A mettrod for handover according to clalm 5, furtiier 
comprising a step of receiving, by the mobile sta- ss 
tion, a handover acceptability information indicative 
of whether the second t>ase station is capable of 
accepting handover. 



whereby the handover trigger signal Is pro- 
vided to the control means only when tiie handover 
acceptability information cam'es an affirmative 
answer. 

13. A method for handover according to daim 12, fur- 
tiier comprising a step of receiving, by tiie mobile 
station, a call acceptability information indicative of 
whether the second base station is capable of 
accepting a new call, 

wherein a concfition required for tiie hando- 
ver acceptability information to be affirmative is kept 
sterner ttian another condition required for the call 
acceptability information to be affimnative. 
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